Soybean membrane preparations specifically bound I'4Cjmycolami-naran, a branched 6-1,3-glucan produced by Phytophthora sp. which elicits production of the phytoalexin glyceollin in soybean tissues. A Scatchard plot of the binding data disclosed the presence of a single affinity class of binding sites with a Kd value of 11.5 micromolar for the glucan. To assess the physiologic importance of mycolaminaran binding in phytoalexin elicitation, several derivatives of mycolaminaran were prepared. Reduced mycolaminaran had slightly greater elicitor activity and binding affinity than the native substance, while periodinated mycolaminaran was virtually devoid of either elicitor activity or binding capability. Phosphorylated mycolaminaran, on the other hand, gave values for both elicitor activity and membrane binding which were intermediate between the native and periodinated preparations. No other tested carbohydrates competed with the binding of ['4Cjmycolaminaran. Soybean membrane preparations contained #-1,3-endoglucanase activity that degraded mycolaminaran and reduced both its efficiency as a phytoalexin elicitor and its membrane binding at temperatures above 0°C.
Phytoalexins are low mol wt antibiotic compounds that are inducibly formed in higher plant tissues after infection by microorganisms and appear to be responsible for disease resistance (6, 11) . The accumulation of phytoalexins in plants can also be stimulated by certain molecules of pathogen origin, termed elicitors, and these have been used to study the molecular basis of phytoalexin production and the expression of disease resistance (18, 19) . It has been shown that certain plant pathogenic fungi as well as carbohydrate elicitors derived from them lead to specific gene transcription and translation and to the induction of biosynthetic activity (19, 23) not well characterized.
Some indirect evidence suggests that elicitors initiate their physiological function by interacting with receptors on plant cell membranes. Kota and Stelzig (10) observed that a glucan elicitor preparation from cell walls of the fungal pathogen Phytophthora infestans rapidly altered the membrane potential of potato cells. Similar glucan elicitor preparations have been shown to agglutinate (13) as well as disorganize and kill (3) potato protoplasts. These observations indicate the probable existence of receptors for the glucan elicitors on the plasma membranes of potato cells. Unfortunately, heterogeneous elicitors were used and the possibility therefore exists that components in the preparations other than elicitor molecules per se may have caused the observed phenomena.
One method to assess critically the possible presence of receptors on cell membranes is direct binding assays using a homogeneous labeled ligand and isolated membranes. This approach has not been previously used in elicitor studies, probably due to difficulty in obtaining homogeneous, labeled carbohydrate elicitors. Phytophthora spp., however, produce a well characterized intracellular glucan, called mycolaminaran, that elicits glyceollin production in soybean tissues (9) and is unique because of its high degree of homogeneity (15) (16) (17) . Mycolaminaran is composed of a linear polymer of about 30 glucose residues in (B 1,3-linkages, with two branching units connected through C-3 and C-6. The exact location of branch points and average chain length of the branches are yet to be experimentally elucidated. Because ligand.
Assay for Phytoalexin Elicitor Activity. Mycolaminaran, its derivatives, and other carbohydrates were assayed on wounded soybean cotyledons excised from 8-to I10-d-old seedlings and the amounts of glyceollin accumulated were quantified as described previously (20) . The compounds were dissolved in water and rifampicin and penicillin (instead of ampicillin, [22] ) were added at 10 and 300 Ag ml-', respectively, to suppress bacterial growth during incubation. One ml ofbioassay solution was sufficient for 12 to 15 cotyledons and 5 cotyledons were used in each standard assay (20) . The antibiotics neither elicited glyceollin accumulation themselves in wounded cotyledons nor suppressed glyceollin accumulation when an elicitor was added.
RESULTS
Elicitor Activity of Mycolaminaran. Confirming the work of Keen (5, 9), mycolaminaran possessed elicitor activity when assayed on wounded soybean cotyledons (Fig. 1) . The response of the cotyledons was nearly linear at low concentrations of mycolaminaran, giving half-maximal glyceollin accumulation at about 50 gm. As also noted earlier (5) , the elicitor activity of mycolaminiaran was not race-cultivar specific, since mycolaminaran preparations from races I and 5 of P. megasperma f.sp. glycinea, a soybean pathogen, had indistinguishable activity on compatible and incompatible soybean cultivars (data not shown).
Binding of Radioactive Mycolaminaran to Soybean Membranes. When the soybean cotyledon membrane fraction was incubated with ['4C]mycolaminaran and the reaction mixtures centrifuged, 5 to 13% of the radioactivity sedimented with the membrane pellets (total binding, Table I ). The '4C radioactivity in the pellets was reduced when excess unlabeled ligand was added to the reaction mixtures. However, considerable radioactivity was not displaced by excess unlabeled ligand and was presumed to be unbound but physically entrapped in the mem- Table I. brane pellets. The inclusion of sucrose at 0.1 M in the binding assay increased specific mycolaminaran binding to about 160% of that without sucrose. Furthermore, use of the sucrose cushion technique during centrifugation reduced nonspecific binding to one-tenth but specific binding to only two-thirds, thus yielding a specific/nonspecific binding ratio about 8 times higher than that obtained by direct pelleting of membranes (Table I ). The sucrose techniques were accordingly used through the remainder of the work.
The specific binding of ['4C]mycolaminaran to membranes was a relatively rapid reaction since considerable binding was observed after 5-min incubation and maximum binding was achieved by 30 min (Fig. 2) . Nonspecific binding, however, was maximal after 5 min. The specific binding increased linearly as the amount of membrane protein per assay was increased up to 30 mg, but higher amounts of membranes did not increase the specific binding (Fig. 3) . The use of a relatively high amount of membrane preparation (about 30 mg protein/standard assay) therefore effectively compensated for the relatively low specific radioactivity of the ["4C]mycolaminaran and resulted in levels of specifically bound radioactivity (0.13 to 0.16 nmol/assay) sufficient for counting at 1% error.
The specific binding of mycolaminaran was not highly dependent on the presence of Mg2" in the reaction mixtures; Mg2" up to 10 mm slightly enhanced binding, but 50 mm was inhibitory. The optimum pH for specific binding was between 7 and 8 and binding was greatly inhibited at pH values below 6 (Fig. 4) . In contrast to the previous observations for specific binding of ['4C]mycolaminaran, nonspecific binding was not affected by incubation time (Fig. 2) , Mg2" concentration, or pH (Fig. 4) .
Nonspecific binding increased, however, as a function of the amount of membrane preparation (Fig. 3 ). These observations indicate that the undisplaceable, nonspecific binding probably binding (Table III) . In contrast to certain animal hormonereceptor interactions (1), the binding appeared not to be ionic since high concentrations of NaCl or KCI had little effect (Table  III) . This might be expected from the fact that mycolaminaran is a nonionic neutral glucan (16 (Fig. 7 ). These observations suggest that the temperature sensitivity of binding (Fig. 6) is not due to instability of the membranes and/or receptors per se but that other factors such as ligand degradation during incubation at higher temperatures are probably involved.
When ['4C]mycolaminaran was incubated with membranes at
0°C and the membrane-bound and unbound fractions chromatographed on a Sephadex G-75 gel filtration column, the majority of '4C-product associated with the bound fraction eluted at the same position as intact mycolaminaran (Fig. 8) . However, '4C-product recovered from the unbound fraction eluted at a lower mol wt position. The results were interpreted to indicate that the soybean membrane fraction contained (B-glucanase activity which was capable of degrading free mycolaminaran, but that once mycolaminaran bound to the membranes it was no longer accessible to enzyme attack. ,B-Glucanase activity was indeed associated with soybean membranes since washed membranes degraded mycolaminaran to lower weight fragnents. The glucanase appeared to be an endo-type, since the major degradation products from mycolaminaran were tetramers and no monomeric glucose was detected (Fig. 9 ). This result is the same as that observed previously when mycolaminaran was incubated with a highly purified ,B-1,3-endoglucanase from soybean cotyledons (8 (Fig. 10) . About equal amounts of degraded and undegraded mycolaminaran were present after 30 min at 0°C. When incubated at 30°C, however, almost all of the mycolaminaran was degraded after only 5 min (Fig. 10) . Since the binding of mycolaminaran to membranes occurs relatively rapidly and reaches maximal levels after 30-min incubation (Fig. 2) (Fig. 2) . It was also noted that the binding was sufficiently tight to persist during pelleting ofthe membranes through a sucrose cushion. In addition, a portion of the bound [14C]- (Table V) . When the '4C-ligand was preinicubated with membranes for 15 min and then excess unlabeled ligand was added, approximately 25% of the binding was undissociable. This undissociable binding increased up to 60% as the preincubation time was prolonged to 120 min (Table V) . Inasmuch as the undissociable binding was not decreased by prolonged postincubation with the unlabeled ligand, mycolaminaran appears to become irreversibly bound to soybean membranes following the initial receptor interaction. DISCUSSION The present study provided the first direct evidence for the occurrence of specific binding sites on plant cell membranes for a phytoalexin elicitor. The binding of ['4C]mycolaminaran to soybean membranes possessed several properties characteristic of a ligand-receptor interaction, such as pH dependence (Fig. 4) and the relatively rapid saturation kinetics of binding (Fig. 2) .
Ligand binding seemed to be relatively tight, since specifically bound mycolaminaran did not dissociate in the sucrose cushions employed during centrifugation, and became irreversible following prolonged incubation (Table V) . This tight binding is in contrast to that reported for certain plant hormone-receptor interactions (14) . (Fig. 5B) . Observed elicitor activity and binding efficiency were also closely related for the mycolaminaran derivatives (Table  IV) . This strongly suggests that receptor binding is physiologically involved in the elicitor activity of mycolaminaran. The observed structural specificity for elicitor activity and binding (9 and (9) and the concentration of mycolaminaran required for half-maximal glyceollin elicitation (about 50 gM, Fig. 1 ) was higher than the Kd value (about 10 ,M) for its binding to soybean membranes (Fig. 5) . This difference and the relatively low elicitor activity of mycolaminaran in soybean tissue are probably due to the presence of #-1,3-endoglucanase (8) and possibly exoglucanase activity (2) in soybean tissues. Because elicitor assays are conducted at higher temperatures than the binding assay (25°C versus 0C), mycolaminaran is presumed to be degraded more rapidly during the elicitor bioassay. In this connection, it was recently shown that the soybean fl-1,3-endoglucanase released a glucomannan elicitor from fungal cell walls (8) which was not attacked by the glucanase. The glucomannan was also a much more potent glyceollin elicitor than mycolaminaran (9) .
Once bound to soybean membranes, however, mycolaminaran did not appear sensitive to attack by ,B-glucanase (Fig. 8) . This and the fact that binding of mycolaminaran to the membranes is tight and becomes irreversible (Table V) Figure 8 . first, intact, reduced, and periodate-oxidized mycolaminarans differed in their binding to membranes (Table IV) , but were all equally attacked by the enzyme. Second, the optimal pH for f3- (Fig. 4) . In addition, 60C for 20 min completely destroyed the binding ability of soybean membranes ( Fig. 8) , but 65C for 20 min reduced the activity of the purified soybean endoglucanase to only about half (8) . Finally, our recent unpublished observations have shown that the soybean endoglucanase is inhibited more than 90% by p-hydroxymercuribenzoate or p-hydroxymercuriphenyl sulfonate at 5 mm. However, mycolaminaran binding was not significantly affected by p-hydroxymercuribenzoate at the same concentration (Table  III) . The finding that soybean membranes contain a receptor for mycolaminaran, a race-nonspecific elicitor, raises the possibility that receptors may also exist in soybean and other plants for pathogen elicitors which exhibit race-specific properties (19) . Keen and Legrand (7) demonstrated the presence of race-specific glycoprotein elicitors on the cell wall surface of P. megasperma f.sp. glycinea and showed that elicitor activity resided in the glycosyl portion, composed of mannose and glucose. More recently, we (8, 9, 20) observed that related but distinct racespecific glucomannan elicitors are released from the surface of fungal cell walls by the B-1,3-endoglucanase present in soybean tissues. Significantly, our preliminary experiments have shown that neither of these race-specific glucomannans competes for the mycolaminaran binding site. It should therefore be fruitful to explore the possibility that the glucomannans also have unique receptors on soybean cells.
